In non-diabetic patients with nephrotic syndrome (NS) at early stages of chronic kidney disease, it remains unclear whether the degree of proteinuria affects the nocturnal blood pressure (BP) dip. We evaluated the relationship among circadian BP rhythm, proteinuria and hypoalbuminemia in these patients. We also evaluated the autonomic nervous activity. Twenty-four-hour BP was measured in NS patients (8 men and 13 women; mean age, 58.5±14.8 years) and age-and sex-matched normal subjects (11 men and 13 women; mean age, 54.3 ± 18.2 years) as controls. Serum albumin and urinary protein concentrations were measured. Power spectral analysis of the heart rate was performed, and the high frequency (HF) and low frequency (LF) components were calculated as indices of sympathovagal balance. There were no differences in waking BP between the NS and the control groups (131±13/78±9 vs. 130±17/76±7 mm Hg; P40.05). However, sleeping BP was significantly higher in the NS group than in the control group (127 ± 18/75 ± 9 vs. 115 ± 14/66 ± 7 mm Hg; Po0.05). Sleeping/waking BP ratios were higher in the NS group than in the control group (Po0.01). In the NS group, these ratios correlated significantly with serum albumin level (r¼À0.54, P¼0.011 for systolic BP; r¼À0.48, P¼0.030 for diastolic BP) and urinary protein excretion (r¼0.47, P¼0.027 for systolic BP; r¼0.60, P¼0.003 for diastolic BP). Both HF components and LF/HF ratios were not significantly different between the two groups. In non-diabetic NS patients, loss of nocturnal BP reduction correlates with proteinuria and hypoalbuminemia but not with circadian autonomic nervous rhythm.
INTRODUCTION
In patients with diabetic glomerulopathy, the circadian rhythm of blood pressure (BP) shows a loss of nocturnal BP reduction, which is associated with greater risks of cardiovascular complications such as left ventricular hypertrophy and cerebrovascular disease. [1] [2] [3] [4] In the early stage of diabetic nephropathy, impaired diurnal autonomic nervous rhythm is closely associated with urinary albumin excretion, which has an important function in blunted nocturnal decline in BP. 5 However, it is still controversial whether albuminuria causes nocturnal hypertension or is a result of it. Recently, microalbuminuria has been regarded as an indicator of organ damage [6] [7] [8] [9] [10] ; however, albuminuria differs in many pathogenetic aspects. Especially, in non-diabetic patients with nephrotic syndrome (NS), a large quantity of urinary protein is excreted even at the early stage of renal impairment. If microalbuminuria is secondary to the loss of nocturnal BP reduction, patients with early stage of glomerulonephritis and albuminuria are supposed to show a loss of nocturnal BP decline. However, there is little evidence on the association among the circadian rhythm of BP, autonomic nervous activity and the variability of the urinary protein excretion. In this study, we evaluated the relationship among the circadian rhythm of BP, urinary protein excretion and diminished serum albumin level secondary to massive proteinuria in non-diabetic patients who showed NS without renal dysfunction, using ambulatory BP monitoring (ABPM) devices. We also analyzed the power spectrum of heart rate variability to evaluate the relations among the autonomic nervous function, ABPM and proteinuria in the same subjects.
METHODS Patients
Twenty-one non-diabetic patients (8 men and 13 women; aged 18-76 years; mean age, 58.5±14.8 years), with untreated NS, were enrolled in the study before the beginning of therapy for NS. NS in the early and middle stages of chronic kidney disease (CKD) was diagnosed when patients had serum creatinine levels o1.5 mg per 100 ml, urinary protein excretion 43.5 g day À1 , serum albumin o3.0 g per 100 ml, hemoglobin A 1C o6.0% and fasting serum glucose o110 mg per 100 ml. Renal biopsy was performed and histologic diagnosis was confirmed in 20 patients, but biopsy was not performed in the remaining 1 patient because of her clinical background. Antihypertensive agents, when administered, were discontinued at least 1 week before the study. Diuretic agents for edema were continued if necessary. Physical and laboratory examinations were performed to exclude patients with endocrinological, hematological or hepatic disease, cerebral infarction or hemorrhage, uncontrolled hypertension, myocardial infarction occurring within 6 months before the study, unstable angina, abnormal thyroid function or other major diseases. Twenty-four age-and sex-matched healthy subjects (11 men and 13 women; aged 19-79 years; mean age, 54.3 ± 18.2 years) were enrolled as controls. These control subjects had no proteinuria, serum creatinine o1.5 mg per 100 ml, serum albumin 43.0 g per 100 ml, hemoglobin A 1C o6.0%, fasting serum glucose o110 mg per 100 ml and office BP o140/90 mm Hg. Informed consent for participation in the study was obtained from each subject.
Methods
Ambulatory 24-h BP monitoring was conducted, and urinary and blood samples were collected at approximately the same period to measure 24-h urinary excretion of protein, creatinine and sodium, as well as serum albumin level. Body mass index (BMI) was calculated as weight divided by height squared (kg m À2 ), and body surface area was calculated according to the DuBois and DuBois formula. In both the groups, estimated glomerular filtration rate (eGFR) was calculated using the Modification of Diet in Renal Disease (MDRD) Study equation. 11 All subjects were instructed to follow a diet containing approximately 6 g of salt per day.
Ambulatory BP monitoring
ABPM was performed using non-invasive multitasking BP recorders (TM2425, A&D, Tokyo, Japan). The device monitors autonomic nervous function simultaneously while measuring BP. BP was recorded at 15-min intervals from 07:00 to 21:00 and 30-min intervals from 21:00 to 07:00. The participants were asked to maintain their usual daily activities during the recording period and to relax their arms during BP measurement. The mean systolic and diastolic BP and mean heart rates were calculated for each participant. The mean BP was calculated as the sum of the diastolic BP and one third of the pulse pressure. Waking and sleeping BPs were obtained as the average values during the waking period and sleeping period, respectively. Then, sleeping/waking BP ratios were analyzed in each subject. The following readings were discarded because of technical artifacts: systolic BP 4250 or o70 mm Hg, diastolic BP 4130 mm Hg or o30 mm Hg, pulse pressure 4160 mm Hg or o20 mm Hg, systolic differences 460 mm Hg, and diastolic differences 430 mm Hg compared with the immediately preceding or successive values. Non-dipper status was defined as a sleeping/waking ratio of mean ambulatory BP 40.9 and dipper status as 0.9 or less.
Spectral analysis of heart rate variability
The method of power spectral analysis using a multitasking recorder has been described in detail elsewhere. 12, 13 Briefly, an electrocardiogram was obtained with a precordial lead to analyze the variation in RR interval length. Every 30 min, 512 RR intervals were recorded at a resolution of 7.8 milliseconds and were analyzed after Fast Fourier transformation using appropriate software (A&D). The power spectral densities of the oscillations were divided into two ranges; a low frequency (LF) component in the range of 0.05-0.15 Hz, and a high frequency (HF) component in the range of 0.15-0.4 Hz as an index of parasympathetic nervous activity. The LF/HF ratio was calculated as an index of the sympathovagal balance.
Statistical analysis
All values are expressed as mean ± s.d. The differences between the NS group and the control group were analyzed by Student t test for unpaired samples. The differences in sex distribution and prevalence of non-dipper between two groups were examined by w 2 test. The correlation between sleeping/waking BP ratios and urinary protein excretion or serum albumin level was analyzed using Pearson's correlation coefficient. A P value of o0.05 was accepted as statistically significant.
RESULTS
The background characteristics of all subjects participated in the study are summarized in Table 1 . No significant differences in age, sex distribution, BMI, serum creatinine concentrations and eGFR were detected between the NS and the control groups. Serum albumin level was significantly lower (Po0.001) in the NS group than in the control group.
Ambulatory BP monitoring Analysis of the circadian rhythm of BP showed a non-dipper pattern in 16 of 21 patients (76.1%) in the NS group compared with 9 of 24 patients (37.5%) in the control group. The rate of non-dipper status in the NS group was significantly higher (P¼0.009) compared with the control group. Twenty-four-hour systolic, diastolic and mean BP were not significantly different between the NS group and the control group (Table 2 ). There were no significant differences in waking BP between the two groups. However, sleeping systolic, diastolic and mean BP were significantly higher in the NS group than in the control group. Consequently, sleeping/waking ratios of systolic, diastolic and mean BP were significantly higher in the NS group than in the control group. On the other hand, heart rate was significantly higher in the NS group than in the control group during sleep. Furthermore, among patients in the NS group, urinary protein excretion showed a significant positive correlation with sleeping/waking ratios of systolic BP (r¼0.47; P¼0.027; Figure 1 ) and diastolic BP (r¼0.60; P¼0.003; Figure 2 ). Serum albumin level also showed a significant reverse correlation with sleeping/waking ratios of systolic BP (r¼À0.54; P¼0.011; Figure 3 ), and diastolic BP (r¼À0.48; P¼0.030; Figure 4 ). Blood pressure and nephrotic syndrome D Andoh et al
Ten patients continued to take the diuretic agent (furosemide, 46.0±36.2 mg day À1 ), whereas 11 patients were not taking diuretic agents. Thus, NS patients were divided into two subgroups according to whether they were receiving diuretics or not to assess the effect of diuretics on circadian BP rhythm. Consequently, no significant difference in sleeping/waking ratios of mean BP was detected between 10 diuretic-treated patients and 11 diuretic-free patients (0.96 ± 0.06 vs. 0.96±0.10; P¼0.986). Similar results were obtained for both systolic (0.96 ± 0.07 vs. 0.97 ± 0.10; P¼0.929) and diastolic BP (0.96 ± 0.06 vs. 0.95 ± 0.10; P¼0.951).
Spectral analysis of heart rate variability
The power spectral densities of heart rate variability showed no significant differences in 24-h HF component and LF/HF ratio, waking HF component and LF/HF ratio, sleeping HF component and LF/HF ratio, and sleeping/waking ratios of HF component and LF/HF ratio between the NS and the control groups (Table 3) . 
DISCUSSION
In this study, we evaluated both 24-h urinary protein excretion and the serum albumin level as indicators of the severity of NS. The reason is that urinary protein excretion rate is affected by various factors including the activity of NS, incorrect urine collection and variable daily protein intake. As a result, 24-h urinary protein excretion has greater day-by-day fluctuation than serum albumin level during a short-term study. Our preliminary study showed a significant negative correlation between serum albumin level and urinary protein excretion (r¼À0.52; P¼0.014), indicating that serum albumin level can be used as a surrogate marker of the severity of NS. This study showed that in non-diabetic patients with NS, the sleeping/waking ratios of systolic, diastolic and mean BP were significantly associated with not only urinary protein excretion but also serum albumin levels even in early and middle stages of CKD. This suggests that the more severe the NS, the more blunted is nocturnal BP reduction. Some earlier studies in patients with non-diabetic CKD have shown that as renal function deteriorates, the nocturnal decline in BP is blunted further. [14] [15] [16] However, there are very few reports on the circadian rhythm of BP during the early stage of CKD with nondiabetic NS characterized by massive proteinuria, hypoalbuminemia and edema. 17 Barenbrock et al. 18 showed that in non-diabetic nephrotic patients with normal serum creatinine levels, the daynight difference in BP was not different from that in the controls, suggesting that albuminuria was not related to the loss of nocturnal decline of BP. Their results contradicted with our findings. The precise reason for this discrepancy is not known, although the differences in sample size and study design probably caused the conflicting results.
Although the mechanisms responsible for nocturnal BP fall to maintain the circadian BP rhythm are not fully understood, it is well known that the withdrawal of the sympathetic nervous activity during sleeping period seems to play a crucial role in dipping mechanisms. 19, 20 Patients with diabetic nephropathy show impaired circadian BP rhythm even at the early stage of CKD. Impaired autonomic nervous system is considered to induce the disturbed circadian BP rhythm. 5, 21 In this study on nondiabetic patients with early and middle stages of CKD, 24-h HF components, their sleeping/waking ratios and the 24-h rhythm of LF/HF ratios did not differ significantly from those in the control group, indicating that the circadian autonomic nervous activity of these patients was not different from that in the control group. This implies that the non-dipper phenomenon recognized in NS is probably unrelated to sympathetic nervous dysfunction. However, the finding that the NS group had higher heart rate during sleep than the control group still suggests that the imbalance of the sympathovagal rhythm may play a role in the loss of nocturnal BP fall although the autonomic nervous function may not be the major cause.
In the nephrotic state, hypoalbuminemia causes anasarca, a characteristic sign of NS. Classically, edema formation in NS was considered to be secondary to shifting of sodium and fluid from intravascular circulation to extravascular space caused by low plasma oncotic pressure. [22] [23] [24] Meanwhile, in experimental animals, Chandra et al. 25 and Ichikawa et al. 26 showed that unilateral renal puromycin aminonucleoside infusion induced proteinuria and sodium retention in the ipsilateral kidney, whereas the contralateral non-treated kidney had normal sodium handling, suggesting that sodium retention occurs in the proteinuric kidney. This also indicates that sodium retention is not dependent on systemic factors or hypoalbuminemia, but on the nephron segments of the nephrotic kidney. [27] [28] [29] [30] In clinical studies on patients with essential hypertension, Kimura and co-workers 31, 32 showed that sodium retention and high sodium sensitivity cause the loss of nocturnal BP reduction, and further showed that sodium restriction and diuretics normalized BP rhythm from non-dipper to dipper patterns. 33, 34 These observations suggest that when natriuresis is impaired during daytime, nocturnal BP are elevated to enhance pressure natriuresis during the night as a compensation for the diminished natriuresis during the day. 32, 35 In this study, as there was no significant difference in eGFR or waking time BP between two groups, it is unlikely that the glomerular filtration capability of sodium in the NS group was more diminished than that in the control group. Meanwhile, urinary sodium excretion in patients with NS was low when they underwent ABPM. We assume that sodium retention is likely to be related to the loss of nocturnal BP reduction, and this may result in pressure natriuresis during the night. Unfortunately, we did not have the data of sodium and albumin excretion rates in fractional urine samples collected over 24 h, and consequently cannot reach a conclusion.
Our study included some patient receiving furosemide to reduce edema. However, there was little effect of diuretics on circadian BP rhythm or clinical signs. This suggests that the dosage of furosemide might not have been enough to exert its effects on renal tubules or circadian BP rhythm. Thus, there still remains a possibility that high sodium sensitivity to BP regulation and pressure natriuresis seen in essential hypertension may cause loss of nocturnal BP fall in NS.
CONCLUSION
In patients with non-diabetic NS in the early and middle stages of CKD, massive proteinuria causes a high proportion of non-dippers, and the sleeping/waking ratios of BP correlate significantly with urinary protein excretion and serum albumin level. To confirm the genesis for loss of the circadian rhythm of BP and evaluate the mechanisms by which proteinuria causes loss of nocturnal BP reduction, further studies are required in a large number of nephrotic patients with similar pathophysiological findings. Blood pressure and nephrotic syndrome D Andoh et al
